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(54) Fluoride glass fiber 

(57) This invention relates to fluoride glass with a 
specific composition having wide infrared tranOTiission. 
A fluoride optical fiber using this fluoride glass can give 



high efficiency with a low loss. The fluoride optical fiber 
having a second cladding on the outer periphery of a 
first cladding can adjust the refractive index of the first 
cladding suitably. 
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Deftcription 

This invention relates to fluoride glass having satisfactory wide infrared transmission, and a fluoride optical fiber 
capable of achieving highly efficient amplification using the fluoride glass. 
5 Fluoride glass has an extended transparency in regions ranging from visible to infrared wavelengths. Thus, it finds 

use in lenses, prisms or fillers of various optical instruments, or in optical fibers for optical communtcation. optrcal 
measurement or power transmission. A fluoride optica! fiber amplifier having a core doped with praseodymium as rare 
earth ions permits optical amplification in a 1.3 nm wavelength band, an important viravelength band for optical com- 
munication systems. The application of fluoride glass to an optical fiber amplifier therefore, has drawn increased at- 

10 tention in recent years. u- 
This optical amplification in the 1 .3 nm wavelength band is induced by stimulated emission due to the transtlion 
from the IG4 level to the ^Hg level in praseodymium. TTiis stimulated emission is obsen/ed in a glass with tow lattice 
vibration energy (phonon energy), such as fluoride glass, but not in a glass with high phonon energy, such as silicate 
glass, because of the existence of nonradiative transition attributed to multiphonon relaxation. 
15 Therefore, it is essential to use a glass with low phonon energy such as fluoride glass to obtain such praseodymium- 

based optical amplification at a wavelength of 1 .3 pm. 

However, the quantum efficiency of amplification in the 1 .3 pm band remains low. at 3.4% with ZrF4-basedfluonde 
glass which currently used as a host material of a praseodymium-doped fiber. To improve this low quantum efficiency, 
it is Important to develop fluoride glass with lower phonon energy than that of 2rF4-based fluoride glass. 
20 The fluoride glass wfth low phonon energy known thus far is fluoride glass comprising 4 to 48 mol% of ZnFg. 32 

to 63 mol% of PbFg. 0 to 34 mol% of GaFa. and 0 to 43 nnol% of InFg. provided GaFg + InFg = 17 to 53 mol%. and 
ZnFa + PbF2 + GaF^ + InFg ^ 70 mol%. as Japanese Patent Application Laid-open No. 60-155549 describes. 

This fluoride glass has satisfactory wide infrared transmission because of Its low phonon energy. If doped with 
praseodymium, this fluoride glass can provide a higher quantum efficiency than does ZrF4-based fluoride glass. 
2S Owing to its insufficient thermal stability against crystallization, however, this fluoride glass cannot give a jacketing 

tube indispensable for the production of a single-mode fiber as will be described later herein. Thus, the use of this 
fluoride glass has not enabled a single-mode fiber to be produced. 

We have developed InFj-based fluoride glass as fluoride glass which is clearly different in the proportions of the 
components from the aforementioned PbF2-based fluoride glass, and which has low phonon energy, as Japanese 
30 Patent Application No 6-172499 discloses. We have also developed a fluoride fiber comprising this fluoride glass. 

With a Pr^ -doped single-mode fiber using the InFg-based fluoride glass described in Japanese Patent Application 
No. 6-172499. the resulting gain coefficient has exceeded a gain coefficient of 0.2 dB/mW attained by the Pr^^-doped 
ZrF4-based fluorWe fiber. However, the glass composition has not been optimized, and the optical loss of the fiber has 
not been sufficiently decreased. This fiber, therefore, has not achieved the maximum gain coefficient of 0.4 dB/mW 
35 expected from the spectroscopic properties of Pr®+ contained in the InPg-based fluoride glass. 

The present invention has been accomplished under these circumstances. Its object is to provide fluoride glass 
having satisfactory wide infrared transmission, and an optical fiber for optical amplification with low loss and high 
efficiency 

In the first aspect of the present invention, there is provided a fluoride glass comprising 10 to 30 mol% of InFg, 7 
40 to 30 mol% of GaFg. 10 to 1 9 mol% of ZnFg. 4 to 30 mol% of BaFa. 0 to 24 mol% of SrFg. 0 to 30 mol% of PbFg: and 
1.5 to 10 mol% of at least one member selected from the group consisting of LaFg. YF3. GdFa and LuFg, 1.5 to 30 
mol% of LiF, 0 to 30 mol7o of NaF. and 0 to 15 mo!% of an additive^ with the total amount of all components being 100 
mol%. 

In the second aspect of the present invention, there is provided a fluoride optical f iber having a core and a cladding. 
45 wherein the matrix of said cladding comprises 10 to 30 mol% of InFg. 7 to 30 nrK)l% of GaFg. 10 to 19 mo1% of ZnFg, 
4 to 30 mol% of BaFg, 0 to 24 mol% of SrF^. 0 to 30 mol% of PbFg, and 1 .5 to 1 0 mol% of at least one member selected 
from the group consisting of LaFg. YF3, GdFg and LUF3. 1 .5 to 30 mol% of UiF. 0 to 30 mol% 0I NaF. and 0 to 15 mol% 
of an additive, with the total amount of all components being 100 rTK>l%. 

Here, the matrix of the core comprises 5 to 25 mol% of InFg. 13 to 40 nrK>l% of GaFg. 4 to 25 mol%of ZnFg. 30 to 
so 46 moI% of PbFg. 0 to 20 mol% of CdFg. and 1 .5 to 1 2 mol% of at least one member selected from the group consisting 
of l-aF3. YF3, GdF3 and Lu F3, and 0 to 1 5 nrx>l% of an additive, with the total amount of all components being 1 00 mol%. 

The matrix of the core may comprise 10 to 30 mol% of InFs. 7 to 30 mol% of GaFg. 10 to 19 mol% of ZnFg. 4 to 
30 mo!% of BaFg. 0 to 24 moi% of SrFg, 0 to 30 mol% of PbFg. and 1.5 to 10 mol% of at least one member selected 
from the group consisting of LaFg. YF3. GdFg and LUF3. 1.5 to 30 mol% of LiF. 0 to 30 nnol% of NaF, and 0 to 15 mol% 
55 of an additive, with the total amount of alt components being 100 mol%. 

Transition metal ions or rare earth ions may be contained in the core, and the relative refractive index difference 
An between the core and the cladding is nnore than 1 .0%. 

At least one type selected from Ce^*. Pr^*. Nd3^ Pm^* Sm^*. Eu^*. Tb^. Dy^. Ho^*, Er^. Tm^ and Yb3* may 
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be contained as the rare earth ions. 

la the third aspect of the present invention, there is provided a fluoride optical fiber having a core a first claddina 

, ^ °* ' =" *° ^ "^'^ °' ^^'^3' '° 5 °' 4 to 30 mol% of BaFa 0 to 24 mol%^rF 0 

toMn.01% of PbF2,andl.5to10rnoP/o of at least one member selected frorn the groupc^^^^^^^ 
and L0F3, 1 .5 to 30 mol% of UF, 0 to 30 mol% of NaF. and 0 to 15 mol% of an addilSrriTrheToteUmlun; of aH 
components being 100 mol%; and the matrix of the second cladding comprises 10 to 30 mol% of InF 7 ToT^LJ 

moI% Of at least one member selected from the group consisting of LaF,, YF,, GdF, and LuF, 1 5 to 30 moi9^ on p 

'°Srrm; matrix T7'^- ^" "^'^ ^^^""^ °» ^" ^^^--'^^^ ^^"^ 1^0"^;:' 

HIF «nK JT. the second Cladding comprises fluoride glass comprising at least one llooride from ZrF, and 

HfF4 and at least one member of the group consisting of BaFg, LaF^. GdFj. YF,. LiF. isJaF PbF, and AIF 
.onJr.LT!»h'r '^'f^^'^S may be adjusted such that the refractive index If the first cladding is 

consistent wrth the refract^re index of the second cladding, or the refractive index of the first cladding is larger than the 
refractive index of the second cladding but smaller than the refractive index of the core 

"ere the adjustment of the refractive index of the first cladding nr«y be performed by substituting part of the PbF, 
in the matrix of the first cladding by NaF. wiuiBr-orj 
The above and other objects, effects, features and advantages of the present invention will become more apparent 
from the following description of the embodiments thereof taken in conjunction with the accompanying diawirirs. 

f-!-^; ^ f chart showing the BaFj concentration dependence of the glass transition temperature 
invimton temperature Tx - the glass transition temperature Tg) in the fluoride glass of the present 

Fig 2 is a characteristic chart showing the PbFj concentration dependence of Tg. (Tx - To), and the refractive 
index (no) in the fluoride glass of the invention: 

Fig. 3 is a characteristic chart showing the CdFj concentration dependence of (Tx - Tg) in the fluoride glass of the 

invention; 

Fig. 4 is a characteristic chart showing the wavelength dependence of transmittance of glass material 
Figs. 5A and SBare schematic sectional views showing the steps in the production of a fiber preform by the suction 
30 casting method; ' 

Figs. 6A and 6B are schematic sectbnal views showing the steps in the production of a fiber preform by the 
rotational casting method; ' 

Figs. 7A to 7C are schematic sectional views showing the steps in the production of an optical fiber according to 
the invention; ^ 

Fig. 8 is a characteristic chart showing the wavelength dependence of transmission loss in an embodiment ot the 
optical fiber of the invention; and 

Fig. 9 is a characteristic chart showing the wavelength dependence of transmission loss in another embodiment 
of the optical fiber of the invention. 

We have conducted extensive studies on the glass fonrning region of fluoride glass compri^^ GaFg ZnFg 

BaFg, SrFg. PbFg. LaFg. YF3. GdFg. LUF3. LiF and NaF These studies have led us to discover fluoride glass having a 
g ass forming region as described in claim 1. the fluoride glass having a glass transition temperature (about 26(fC) 
close 10 that of ZrF4-based fluoride glass and high thermal stability against crystallization 

in the fluoride glass of the present invention. inFa. GaFa. and ZnFg are essential components constituting the 
network fomner. Desirably, the glass contains 10 to 30 mo!% ot InF^ and 7 to 30 mol% of GaF,. and preferably 20 to 
30 mol% of lnF3 and 7 to 20 mol% of GaFg. In regions where the InFg concentration is more than 30 mol% and the 
GaF3 concentration is less than 7 mol% in the composition of the fluoride glass of the invention, there will be obtained 
glass thermally stable to crystallisation. However, its glass transition temperature rises to approximately 300»C and 
thus a glass transition temperature close to that of ZrF^-based fluoride glass cannot be achieved. In regions where the 
InFg concentration is less than 10 mol% and the GaFg concentration is more than 30 mol%. on the other hand the 
resulting glass will have poor thermal stability against crystallization, and easy to crystallize 

The concentration ot ZnFg is desirably 10 to ig moP/o. In the composition off the fluoride glass claimed in the 
invention. ,f more than 1 g mol% of ZnF^ is contained, erngic crystals of ZnFg will tend to form in the resutting glass If 
Its concentration is less than 10 mol%. crystals composed of InFg and GaFg will develop in the glass 

BaFg and SrFg are essential components for nrxxlifying the network fornner. Desirably, the glass contains 4 to 30 
mol% o^ BaF2 and 0 to 24 mo*% of SrF^. The BaF^ concentration of 1 0 to 24 mol% and the SrF^ concentration of 0 to 
14 mol% would make it possible to obtain glass with excellent thermal stabUity against crystallization 

Fig. 1 IS a characteristic chart showing the dependence of the glass transition temperature (Tg) and (the crystal- 
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lization temperature Tx - the glass transition temperature Tg) on the BaFg concentration (x mol%) in the claimed fluonde 
glass having the composition 28lnF3-9GaF3-17ZnF2-l2PbF2-xBaF2.(24.x)SrF2-5YF3-5LiF (mol%). Generally. (Tx - 
To) is used as an indicator o1 the thermal stability of glass. In Fig. 1 . the left vertical axis shows the glass transition 
temperature (Tg). and the right vertical axis shows (Tx • Tg). in which the value of Tg (closed circle ,•) is read from the 

5 left vertical axis, and the value of (Tx - Tg) (closed square.B) from the right vertical axis. Fig. 1 shows that the values 
of Tg are dose to 260*C in the entire region with the BaFg concentration being varied f nam 0 to up to 24 mol7o, Tx - 
Tg. on the other hand, shows an upwardly convex BaFg dependence. The values of Tx-Tg are high values not less 
than 90*»C in the region 0 < BaFg <, 24 mol%, especially, high values of not less than 100*»C in the region 10 < BaFg < 
24 mol%, namely, in the region 0 <. SrFg < 14 mol%. This is proof of possession ol high thermal stability against crys- 

10 tallization. 

UF and NaF are also essential components for modifying the network fonmer in the claimed fluonde glass. Incor- 
poration of these components lowers the melting temperature of glass melt, and gives uniform glass melt even at low 
temperatures. Thus, their incorporation enhances the glass fonning ability 

NaF is desirably contained in an amount of 0 to 30 mol%. If its concentration is more than 30 mol%. stable glass 
ts is not obtained because of a marked tendency toward crystallization. LiF is a particularly importanl component tor 
ensuring the thermal stability of glass. Desirably, its concentration is 1.5 to 30 mol%. and a concentration of 5 to 10 
mol%, in particular, markedly improves thermal stability against crystallization. With the concentration of rrwre than 30 
mol%. however, there will be a considerable tendency to crystallization, resulting in the failure to obtain stable glass. 
In the claimed tluorkJe glass, LaFg, YF3, GdFg and LUF3 are also essential components for increasing the thermal 
20 stability of the glass. Desirably, at least one of these components is contained in an amount ol 1 .5 to 1 5 nrKJl%. preferably 
1 .5 to 10 mol%. If the concentration is less than 1 .5 nx)l%. the increase in thermal stability cannot be confirmed. With 
the concentration of more than 15 mol%. on the other hand, there will be a marked tendency toward crystallization, 
resulting in the failure to obtain stable glass. 

In the claimed fluoride glass, PbFg is an essential component for controlling the refractive index, and preferably. 
2S Is contained within the range from 0 to 30 mol%. However, PbFg may be replaced partially, in the range of from 0 to 
20 mol%, by NaF without impairing the thermal stability of the glass, whereby the refractive index of the claimed fluoride 
glass can be controlled. 

Fig. 2 shows the dependence of the glass transitton temperature (Tg). the difference (Tx-Tg), and the refractive 
index n^ on the PbFg concentration (x mol%) in the claimed fluoride glass having the composition 251nF3-10GaF3- 

30 1 4ZnF2-xPbF2-18BaF2.8SrF2-2.5YF3-2.5LaF3-(20-x)(UF+NaF) (mol%). In Fig. 2. the left vertical axis shows the tem- 
perature, and the right vertical axis shows the refractive index, in which the value of Tg (closed circle,*) and the value 
ol (Tx - Tg) (closed square. ■ ) are read from the left vertical axis, and the value of the refractive index (open circle, 
o) from the right vertical axis. 

Fig. 2 shows that the glass transition temperature has values close to 260*C in the entire region with the PbFg 

3S concentration being varied from 0 to up to 20 mol%. The values of (Tx - Tg) are not less than 90*C, showing high 
thermal stability. The refractive index, on the other hand, increases linearly from 1 .46 to 1 .54 as the PbFg concentratkxi 
is increased. In the claimed fluoride glass, therefore, the refractive index can be controlled, with the glass transition 
temperature being maintained close to 260»C and thermal stability maintained high, by replacing part of or all of a 
suitable amount of PbFg by NaF. 

40 The claimed fluoride glass and the claimed fluoride optical fiber also contain 0 to 15 mol% ol an additive. As the 

additive: there may be contained at least one member of the group consisting of 0 to 10 mol% of BeFg, O to 10 mol% 
of MgFg. 0 to 1 0 mol% of CaFg. 0 to 4 nrK3l% of CdFg. 0 to 5 mol% of TIF4. 0 to 5 mol% of MnFg. 0 to 5 mol% of SmFg. 
0 to 5 mol% of ScFg. 0 to 5 mol% of HfF4, 0 to 5 mo!% of ZrF4. 0 to 10 mol% of KF, 0 to 10 mol% of RbF. 0 to 10 mol% 
of CsF, 0 to 15 mol% of BiF3 and 0 to 1 5 mol% of AIF3. 

45 In this case. CdFg may replace part of the aforementioned essential component ZnF2 or PbF2, i.e. in the range of 

from 0 to 4 mo1%. Fig. 3 shows the dependence of the value of (Tx - Tg) on the CdFg concentration (x) in the glass 
28lnF3-9GaF3-(15-x)ZnF2-xCdF2-12PbF2-l8BaF2-8SrF2-5YF3-5UF {mol%). From Fig. 3, one can see that CdFgCan 
be contained in the glass to a concentration of up to 4 mol% without impairing its thermal stability With the concentratk>n 
of more ttian 4 mol%, however, the value of (Tx - Tg) sharply decreases. In 5 mol% or more, the thermal stability of 

so the glass is considerably impaired. Likewise, the respective elements BeFg, MgFa. CaFg and f^nF2can replace part 
of each of the essential components 2nF2. PbFg. BaP^ ^'^^ ^^^2 Furthemrwre, the elements TIF4. Sm?^. SCF3, HfF4 
and ZrF4 can replace part ol each of the essential components lnF3. GaFg, YF3 and LaFj. If they are contained as 
replacements beyond the aforementioned ranges, however, the thermal stability of the glass will be considerably de- 
teriorated. 

BS The fluoride optical fiber of the invention achieves highly efficient optk:al amplificatbn by possessing a structure 

with high An (A^1 .0%). This is because the quantum efficiency of the 1 .3 ^lm transitkyi ol praseodymium is improved 
by using the low phonon energy glass as a host glass and increasing the An of the fiber whfch can achieve the high 
light intensity in the core. 
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For the productwn o« s high An oplical fiber using the RbF^-based fluoride glass described in the previously cited 

JapaneseP«tenAppfK«l.onNo60-155549«sthecore,theuseof.hekr,own2rl?,.basedfluoride8la;a^^^^^^ 

17.3; '"'r"^"^ °' ^"^ ^""^ '^^^ interface'between the c,Je and he c^S" 

making it difficult to obtain a satislactory optical fiber ciaaaing. 

J2H"Il''"°"f ! °' '=0"l'«st, the use of the fluoride glass described in claim 1 as the claddina 

caused no crystallization ai the interface between the core and the cladding, and enabled a satisfact^ opiSaS 
to be Obtained even when the PbF^-based fluoride glass was used as the core glass. The reaso^^ Z S t Si 

as fh'^^'oj^tess" '^'""'^ '° '° ^"^"^ '""^ ""^^ ""'"9 the fluoride glass of claim 1 

A single mode fluoride optical fiber has been produced by the following fabrication steps: A fluoride fiber preform 

preform was inserted into a first jacketing tube, and elongated under heat to fom, a second fiber preforr^. The second 
fiber preform was reinserted into a second jacketing lube, and drawn into a single-mode optical fiber 
.1,. J*'P;«'"^» 3«'"9'e-'"«'e optical fiber, having a core capable of well confining light, by the suction casting method 
the core/cladding external diameter rattt> of not less than 5 is generally said to be necessary. With the above-described 
method of producing a single-mode fiber, however, it is impossible to prepare a fiber preform with the core/cladding 
ralw ot not less than 5 only by the fiber preform fabrication step using suction casting 

To produce a single mode fiber with Ihe core/dadding ratio of more than 5. therefore, a First jacketing tube i e a 
second cladding should desirably have the same refractive index as does the cladding (first cladding). If the second 
ctedding has a higher refractive index than the cladding, the field of propagating light in Ihe core extends into the 
cladding, which results in weakened light intensity in the core. Thus, highly efficient amplification cannot be attained 

TTie invented optical fiber, on the other hand, uses the claimed fluoride glass as the cladding glass Thus Ihe 
cladding and the second cladding arc consistent in terms of the refractive index, the coro/cladding ratio Is not less than 
5, and a single nrodo fiber with high intensity light confined in the core can be produced. 

In case no suction casting method is employed, the core/cladding ratio is not restrcted to not less than 5 as far 
as the ratio can depress the cladding mode. 

As is apparent from the cross section of a single nr«xle fluoride fiber, the area of the core and the cladding is at 
most 1/16 of the total cross sectional area of the optical fiber Most of the cross section is cmiposed of a first jacketing 
tube and a second jacketing tube. Thus, the jacketing tubes account for most of the weight of the optical fiber This 
means that the price of the jacketing tube determines the price of the single mode fiber. 

Fluoride raw materials such as InFj and GaFg are expensive compared with ZrF4. Ihe use ot InFa-based fluoride 
glass as the jacketing tube will necessarily raise the unit price of the resuKIng optical fiber. 

In the fluoride fiber of the inventton. using ZrF4-ba8ed fluoride gtess as the first jacketing tube, accordingly the 
second cladding, the prfce of the resulting single mode fiber can be cut down. 

When a jacketing tube of ZrF4-based fluoride glass is used as the second cladding, the preparation of a satisfactory 
fiber with high intensity light confined in the core requires that there be agreement between Ihe refractive index of the 
cladding and that of the second cladding. In the claimed fluorkJo fiber, the concentratksn of PbFa. a component of the 
cladding glass, is partially substituted by NaF. whereby the refractive index can be varied within the range of from 1 46 
to 1 .54 without changing the glass transition temperature of the cladding glass. Furthermore, the glass transition tem- 
perature of the cladding glass is close to the glass transitton temperature of ZrF^-based fluoride glass Consequently 
even when ZiF4-based fluoride glass is used as the second cladding, the fiber fabrication steps such as elongatiori 
and tiber drawing can be performed without problems, in additkxi. the refractive index of the cladding glass can be 
controlled to be equal to or greater than the refractive index of the jacketing tube, and smaller than that of ihe core 
Thus, a satisfactory single mode fiber with high intensity light confined in the core can be produced 

In preparing an optical fiber with a relative refractive index difference (An) of not less than 4%. it is necessary to 
use as the core glass a fluorkJe glass with a higher refractive index than that of the claimed fluorkJe glass The relative 
refractive index difference (An) is defined as foltows: 

An = (refractive index of core - refractive index of daddingj/ref ractive index of core (%) 

Generally. fluorkJe glass with a high concentratkxi of PbFa is known to be high in refractive index. Our extensive studies 
have led to discovery ot a fluorkie glass composilwn containing 30 to 46 mol% of PbFj and having a high refractive 
irwJex ctose to 1.6. In the present invent wn. the preferred fluoride glass is one in which a core matrix comprises 5 to 
25 mol% of InFj, 13 to 40 mol% of GaFg, 4 lo 25 mol% of ZnFj, 30 to 46 mol% of PbFj. 0 to 20 mol% of CdF^ and 
1 .5 to 1 2 mol% of at least one member selected from LaFj. YFg, GdFg and LuFg. and 0 to 1 5 moRt ot an additive' with 
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the total amount o1 the components being 100 mol%. • 

In the fluoride glass for the core. InFg and GaFo are essentiat components as the network fomier. InFg is desirably 
contained in a concentration of 5 to 25 mo\%. If its concentration is less than 5 moI%. transparent glass cannot be 
obtained If the InPg concentration is more than 25 mot% In the core fluoride glass composition, a rather high crystal- 
5 llzation rate occurs, giving no satisfactory glass. GaPg is desirably contained in a concentration of 1 3 to 40 mol%. If 
the GaFa concentration is less than 1 3 mol% in the core fluoride glass composition, transparent glass cannot be ob- 
tained because of crystallization. If its concentration is more than 40 mo1%, the glass melt devitrifles yellow, so thai 
transparent glass cannot be obtained, either. In the core fluoride gflass. moreover, PbFa and ZnFg are essential com- 
ponents as network modifiers. Incorporation of these ions lowers the melting temperature of the glass mell. so that a 
TO uniform melt can be obtained at tow temperatures, thus enhancing the glass forming ability. With this core fluorkle 
glass composition, the desirable concentration of PbFg is 30 to 46 mot%. The concentration of less than 30 mol% 
poses difficulty in obtaining transparent glass because of crystallization. At the concentration of more than 46 mol%. 
the glass melt becomes volatile, and cannot provkJe stable glass. ZnPg is desirably contained in a concentration of 4 
to 25 mol% At a concentratkxi of less than 4 mol%. crystallizatton makes it impossible to obtain transparent glass. At 
15 a concentration of more than 25 mol%. a rather high crystallization rate occurs, and does not give transparent glass, 
either. CdFg may be contained as substituting PbFg or ZnFg in the range of from 0 to 20 mol%. Preferably, it is contained 
in the range 0 to 7 mol%, thus taking effect in increasing the glass fomiing ability and obtaining stable glass. Further- 
more. LaFg. YF3, GdFgOr LuFg Is an essential component for Improving thenral stability against crysiallizatton in the 
claimed fluoride glass. With the core fluoride glass composilton. at least one of them is contained in a concentratton 
20 of 1 5 to 12 mol%, whereby thermal stabilKy to reheating can be improved. 

Such fluoride glass is used as the core, and the invented fluoride glass claimed in claim 1 is used as the cladding, 
thereby making it possible to produce an optical fiber with An = not less than 4% that was unattainable with a conven- 
tional ZrF4-based fluoride fiber.- 

Additionally, in preparing a single mode optk:al fiber with An = not more than 4.0%. comparable to the relative 
2S refractive index difference An of an optkjal fiber produced using conventtonal ZrF4-based fluoride glass, the use of the 
claimed fluoride glase as the core and the cladding permits the productton of exactly the same optical fiber as the ZrF4- 
based glass fiber. Moreover, the claimed fluoride glass has better infrared transmission than the ZrF4-based fluoride 
glass. Thus, the doping of its core with rare earth ions for optical amplification enables higher amplification eificiency 
than that of the ZrF4-based fluoride glass. 
30 The fluoride fiber of the invention, when doped in the core with transition metal ions or rare earth ions, can be used 

as an optical fiber laser or an optical fiber amplifier. Examples of the doping transition metal ions are Cr. Ti. Fe. Co, Ni 
and Cu. whereas examples of the doping rare earth ions are Ce, Pr. Nd. Pm, Sm. Eu, Tb. Dy. Ho. Er. Tm and Yb. 
These doping elements can be contained in the range of from 0.001 to 10% by weight. The concentration in excess 
of 1 0 wt % is undesirable, since this will deteriorate the thermal stability of the core glass. At the concentration of less 
3S than 0.001 wt,%, sufficient emission cannot be attained because of the intrinsic loss of the fiber, such as scattering loss. 

The present invention will be described in detail with reference to the Examples, which are presented to illustrate, 
not limit; the invention. 

Example 1 

40 

InFa. GaF3. ZnFa. PbF2, BaFg. SrFa, YF3, LaF^. Gdf^. LuFg, LiF and NaF. all in anhydrous fonn, were weighed 
and mixed in the proportions shown in Table 1 . To each of the mixtures, 4 g of ammonium bifluoride was added, and 
placed in a crucible. The cmcible was set in a resistivity-heated furnace, and heated for 1 hour at 900'C in an argon 
atmosphere to melt the contents of the crucible. The temperature of the furnace was towered to 700**C, and the cmcible 
45 was withdrawn. The melt inside was poured into a brass mold with an outside diameter of 8 mm that had been preheated 
to 200*C, to quench the nnelt, obtaining a glass rod. 

A part of the glass rod was crushed, and measured for the glass transition temperature (Tg) and the crystallization 
temperature (Tx) using a differential scanning catorimeter. In all of the samples, the values of Tg were close to 260*C. 
The value of (Tx - Tg) is known as an indicator of the thermal stability agaist crystallization of glass. The measurements 
so of (Tx - Tg) for all glass samples showed values 90"C or higher, ascertaining that the resulting glasses had high thennal 
stability. 

A 10 mm long cylindrical rod was cut out of the glass rod. and its opposite end surfaces were polished, followed 
by measuring the transmission spectrum of the rod. The rod was found to have good transmission at up to 10 jim. 
Some of the rod samples were measured for Flarr^ spectrum. Peaks of all measurements were noted around 500 
55 cm-t . showing that the resulting glass had small phonon energy 
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. ComoarativQ Example 1 

zrF BaFo LaFn AIF, YF:, and NaF. all in anhydrous form, were used as raw materials, and weighed to form a 
batch wrth the comp^mon 46.5ZrF,.23 5BaFa-2.5LaF3-2.5YF3-4.6A!F3-20NaF (mol%). 20 Grarri^ of this batc^ was 
5 mixed and 4 g of ammonium bifluoride was added, followed by placing the mixture in a crucible. The crucible was 
heated for 1 houf at 900*C in a resist ivrty-heaied furnace to melt the contents of the crucible. Then, the temperature 
of the furnace was lowered to 700'C, and the melt inside the crucible was poured into a brass mold preheated to 

240^0 to quench the mell. obtaining a glass rod. _. ^ r ■ i 

A 10 mm long cylindrical rod was cut out of the resulting glass rod. and its opposite end surfaces were polished. 
10 followed by measuring the transmission spectrum of the rod in the same manner as in Example 1 Tbe results are 
indicated in Fig. 4 by a dashed line. As shown there, the absorption increased, starting at a wavelength of about 5 jim. 
and the transmission at a longer wavelength than 8 \m was small. 

Some samples were measured for Raman spectmm in the same way as in Example 1 Peaks representing phonon 
energy appeared around 550 cm ^ confirming the resulting glass to have greater phonon energy than the glass of 
IS Example 1. 

Prearation of core class samloe No. 1 

Core glass of the optical fiber according to the present invention was prepared in the following manner: 
20 inFn GaF, ZnF^ PbFo. YF3 and LaFa. all in anhydrous form, were used as raw materials, and weighed and mixed 

to form a batch with the glass composition 13lnF3-29GaF3.1 22nF2-38PbF2-4YF3-4LaF3 (mol%). To 20 g of this batch. 

4 g 01 ammonium bifluoride was added, followed by placing the mixture in a crucible. The crucible was set m a resistivrty- 

heated furnace, where it was heated for 1 hour at 900»C in an argon atmosphere to melt the contents of the cnjcible. 

Then the temperature of the furnace was lowered to 700^C. and the crucible was withdrawn. The melt inside was 
25 pour^ into a brass mold with an oulsido diameter of 8 mm that had been preheated to 20a»C. to quench the melt, 

obtaining a glass rod. 

The resulting glass was measured for the glass transition temperature (Tg) and the crystallization temperature 
(Tx) using a differential scanning calorimeter The results were Tg = 258»C and Tx - 336«C. From these results, the 
value of (Tx - Tg) was 78'*C. ascertaining that the resulting glass was thermally stable. 

30 

Preparation of co re Qiass samplas Nos 2 to 147 

As in the preparation of core glass sample No. 1. InFg. GaFg. ZnFg. CdFg, PbF^. YF3. LaFa, GdFg and LUF3. all 
in anhydrous form, were weighed and mixed in the proportions shown in Tables 2 to 5. To each of the mixtures. 4 g of 
35 ammonium bifluoride was added, and placed in a crucible. The crucible was heated in a resistivity-healed furnace in 
the same manner as in Example 1 to melt the contents of the crucible. "Die melt Inside the crucible was poured mlo a 
preheated mold for quenching, thereby obtaining a glass rod. 

A 10 mm long cylindrical rod was cut out of each glass rod, and its opposite end surfaces were polished, followed 
by measuring the transmission spectrum ot the rod. The rod was found to have good transmission at a wavelength of 
40 up to 1 0 ^m. Some of the glass samples were measured for Raman spectrum. Peaks of all measurements were noted 
around 500 cm-\ showing that the resulting glasses had small phonon energy. 
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Proparation of optical fiber 



Core glass sample No. 1 was used as core glass, and fluoride glass with the composition 28lnF3-9GaF3-17ZnF2-' 
1 PBaF2-6SrF2-5YF3-1 0NaF-7LiF (nK>l%) was used as cladding glass to prepare a fluoride fiber preform by the suction 

30 Casting method. . ^ _. • 

First InFg GaFs. ZnFg. PbF2, YF3. LaFa. BaFa. SrFa. NaF and LiF, all in anhydrous fomn, were weighed and mixed 
to have the compositions of the above core and cladding. Each of the mixtures was placed in a crucible, which was 
healed under an argon atmosphere in a resistivity-heated furnace to melt the contents of the crucible. 

Then a fiber preform was prepared by the suction casting method illustrated in Fig. 5. That is, the temperature of 

3S the glass melt formed by heating for 1 hour at 900»C in the resistivity-heated furnace was towered to 70Crc. Then, the 
cladding glass melt 2 was poured into a brass mold 1 . preheated to 220»C. up to its upper portion. Then, the core glass 
melt 3 was poured onto the cladding glass melt 2 when the cladding glass melt 2 began solidifying and its upper center 
began depressing as shown in Fig. 5A. Significant volume contraction occurred during cooling and solidif teat ion. This 
volume contraction of the cladding glass 2a resulted in the suction of the core glass 3a into the depressed center of 

40 the cladding glass 2a. The sucked-in core glass 3a solidified in the center of the cylindrical cladding glass 2a to form 
a fiber preform 4. as shown in Fig. 5B. The resulting fiber preform 4 had a cladding outer diameter of 5 mm, a core 
outer diameter of 0.2 to 1 .7 mm varying in a tapered nnanner, and a length of 30 mm. 

Then a jacketing tube having the same composition as the cladding glass was prepared by the rotational casting 
method illustrated in Fig. 6. That is. the raw materials weighed and mixed to have the compositk^n of the cladding glass 

45 were put in a crucible, whteh was heated in a resistivity-heated furnace to melt the contents 0I the crucible. The resulting 
jacketing tube melt 1 2 was poured into a preheated brass mold 1 1 as shown in Fig. 6A. The mold 1 1 was laid honzonlally 
and rotated at a high speed as shown in Fig. SB. While rotated in this condition, the melt 1 2 was cooled and solidified 
to obtain a fluorkJe glass jacketing lube 13 wHh an outside diameter of 15 mm. an Inside diameter of 5 mm. and a 
length of 1 40 mm. 

so Then the glass fiber preform 4 was inserted into the jacketing tube 1 3 inside a glove box supplied with nitrogen 

gas with a dew point of -60-C or lower. As shown in Fig. 7A. the jacketing tube 1 3 was held by a preform hoWer 22 via 
an 0-ring 2i Then, with the inside being evacuated, the preform 4 along with the jacketing tube 1 3 was fed to a heating 
furnace 23 at a rale of 3 mm/min as shown in Fig. 7B. A lower part of the composite heated to the softening temperature 
was pulled downward to obtain a glass fiber preform 24 having an outside diameter of 5 mm. 

55 Then a portkxi having a core diameter of 0.2 mm was cut out of the preform 24. and housed in a heatng vacuum 

chamber together with a jacketing tube 13' prepared in the same manner as described above. Surface treatmeni was 
performed in an F2-HF mixed gas atmosphere. Inside a glove box (not shown) supplied with nitrogen gas at a dew 
point of -60'C or lower, the preform 24 was inserted into the jacketing tube 1 3*. and the jacketing tube 1 3' was held by 
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a pre o m ho der 22 N^a an O-nng 21 Then, with the inside being evacuated, the preform 24 along wrth the iacketina 
ube 13' was ted to a fiber drawing furnace 25 at a rate of 3 mm^ln. as shown In Rg. 7C. The corJp^Ie v^?S^ 
to the softening temperature, and its tower part was pulled downward by a capstan driver 27^ a t^^^^^ 
Whereby the composite was drawn into a fiber having an outside diarneter of 125 tensometer 26. 

"^';«^«sultingopticalfiberwasasinglemodefibarhavingAn = 8%andacorediarn^^^^ 
loss at a wavelength of 1 . 3 was as low as 0.2 dB/m. transmission 

ni th?^T!'^ '7 l:^"f,^"^^i?" '^^^^^ producible by the same method as described above, with the composition 
?5i1fTf 4%2^^^ pLTp J^' ???h' ^^•^"^^^:2"BaF,.2.5LaF3.2YF3.4.5AIF3-20NaR or 47.5?rF"S " 
2YF ^sllF^D^^^^^^^ Tr *^°"^P^«*°" i^^^keting tube 13 being 47.5HfF,.2a5BaF,.2.5LaF ' 

2YF3^^5A F^20NaF and that of the jacketing tube 13' being 47.52.rF4-23.5BaF2.2.5LaF3.2YF3 4 5AIFv20NaF 

Optical fibers were prepared in the same manner as described above, except that the core g!ass<^addrg Qiass 
combination was changed as in Table 6. The resulting optical fibers were single mode fibers having An?7toS.^an5 
their transmission loss at a wavelength of 1 .3 ^m was as low as 0.2 dB/m. 
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Comparative Example g 

A comparative optical fiber was prepared in the same manner as in Example 2 using as the core olass fi..orid« 
s ''^ "J6.nP3-l9GaF3-152nF,-22CdF,-28PbF, (mol%), and as the c^^ing g^^ ftor^ glass 

s wrth the composition 28lnF3-9GaF3-12ZnF2-18BaF2^Srf2-5YF3-i0NaF-7LIF-5CdF, (mol%) ° 

The fluoride glass used here as the core glass was different from the fluoride glass used in Example 2 in that the 
Tk °" '° '''"'2 concentration was less than 30 mol%. and at least ^.^^9,1^ 

selected rom the group consisting of LaFg. YF3. GdFg and U.F3 was not contained. The fluoride glass u^he^ as 

iaVSSSer''^''''"*''""'"^'''""^'^"^'"^ 

Off vTuti^^?^'?' ""^'.T ^ ""^^ ^^^'"9 ^ '^"9"^ of 100 m. a core diameter of 1.7 Mm. and a cut- 

off wavelength of 0.95 jim. but its transmission loss at a wavelength of 1 .3 jmi was as high as 10 dB^m 
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Example 3 



.rsr^T^^^tZ .^^^^ ^^""^ manner as in Example 2. except that the combination ot the core glass 

composrtion and the cladding glass composrtion was changed as in Table 7. The resulting optical fibers were all ^ngle 
mode fibers having An = 1 to 4%, and their transmission loss at wavelength l.3|im was as low as 0 1 dB/m Fiq 8 
shows the transmission toss spectrum ot the optical fibers at no 4 ^m. The transmission loss decreased as the wave- 
length became longer, and a minimum loss of 0.025 dB/m was obtained at wavelength 3.3 ^im 



2S 



30 



3S 



40 



45 



SO 



ss 



15 

BNSOOCIO: <EP_ . 07S7e94A1J_> 



EP 0 787 694 A1 



c i 
< 


Q 1 


y% o 






S- 4 


(A fsj 


q 1 


A O 


4n p 1 




i 


5; 


P 9 


q < 

lA 


Q 


O 


R ^ 

IV fNl 


5" 




q o ^ 

fv fv* 1 


o o 


£ 


O < 
rvj 


q o 

rvi cs 


o 


q 

M 


O 

o 


O O 

o c 


o 
o 


q o 


in o 
rv in 


o o 
o o 


CO 

:i 




















in 

<VJ 






















iA 
(Ni 






lA U1 

ri <\ 


1 lA 

i t4 


lA 

oi 


lA 


lA it 
CSI CN 




lA ir 

CSi CS 


I lA lA 

1 fsi csi 


lA lA 

oicsi 




tn 

f>i 


lA IT 


i (A 

i cvi 






CA Iff 


» lA 

i t4 


a:: 








o 
m 


qc 
«o oc 


» O 




3 


3 a 


» o 
S« 


S 0 


sss 


3 S 


m 


% 


Q C 


1 Ok 






q C 

9> O 




q G 
ct o 


ISP 


q<=! 


























§ 


? 2 


- 


1 




?2 


E§ 


§2 


Pq 


3^ 


i§ 




u 












tA IJ 




U{ 1/^ 






CM V 




wi 

IT 


if 
If 


li) li 

lA U 

CNI 4^ 


Iff 


«3 

If li 


lf» 1/ 


if{ Iff 




lA 


tA i 


5^ 

ri lA 




q 

in 


ii 




< 

lA li 


f) lA tfl 


lA lA 






*=?^ 
eg ^ 




q 






q 


s 


























CM 






















CM 




Iff 


«A 1 

<4 < 


A If 

>i i\ 


II 
^ 


lA 


lA 1 

Tit 


A V 

f4 O 


If) i 
c4 1 


A lf> If 
01 CM « 


«fi iff 
CM CM 


o 12 

M 




lA 1 
CNI 4 


lA lA 
4 ^ 






lA 1 
Cvt 4 


A lA 

l>i CS 


lA 1 

est 4 


if lA If 

M CM ^ 




:s 


s 


o.^ 


o q 
d 


s 




Of 


q3 


00 < 




00 oo 




8 


a 


3 S 


3 


CO 


q 


§S 


OC 




c c 


on of 




c 


S ^ 


5 


«^ 


o 










2i 


CI 


JO 


qo 


q 


I c 

> IT 


> lA 


lA Iff 


S 


«A lA Iff 


If If 



lllllgllllllllll 

EIBBBBBBHBBBBBBBB 



16 



BP 0 787 694 A1 



Example 4 



^ ^^o^ was prepared in the same manner as in Example 2. except that the core glass was doped with 
500 ppm Pr3*. The resulting optical fiber had an outside diameter of 1 25 urn. An = 8% a core diameferof i , T , 
5 Off ^yelength of 1 ^m. Its transmission loss at a wavelength of 1 .3 Mm Ls as low as oTd^m ' 

peal* Shown in Fig, 9 is an absorption due to Pr^*. An amplifier for amplifying signal Jight with a wavalenoth 
pUr.n.T ^ ^"'"P'"^^"^ ^' ^ wavelength of 1,017 ^m was constructed using Z <SluZrZ^^eT^ 
Example 4. A gam coefficient of 0.5 dB/mW was obtained. ooiained in 

»o AO ^i^cif ""^'^ °' fomiulation shown in Table 8 were prepared, whose core glass for the fiber with 

^ ^'^^y^^P^^'^ ♦'^^ «'"P'«y'"9 'he signal light at a wavelength of 1 .31 Mm. by pumping vifhlSia^atal 
length Of .017 ^m. were constructed using the resulting optical fibers. The optical Jber ^ShlH 2 sfiTve a S 
coefficient of 0.25 dB/mW. The optical fiber with An = 3.7% gave a gain coefficient of 0.3 dB^mW. The opWcSflber S 
An = 6.6% gave a gain coefficient of 0.4 dB/mW. The optical fiber with An = 8% gave a gain coefficient of 0 5 dUmW 
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Comparative Example n 



70 



IS 



20 



Pri= ^^^r hf "^.""'L'*'^! ^'^^^'^"^ ^^""^ "•^""^^ ^''^'^P'^ 2 "Sing as the core glass 500 ppm 

9'^''' ""'^ "^^ composition 50ZrF4-15BaF2-3.5LaF3.10PbF,-2YFa-2 5AIFt^0L^ 

2?F^T5rs4l'; 

The resulling opiicai liber was a single mode fiber having a Ari of 3.7%. a core diameter of 1 7 um and a cutoff 
wavelength of 0.95 pm. and ns transmission loss at a wavelength of 1.3».m as tow as a? d^r^n amXI^ 

the optK^al fiber obtatned m Comparative Example 3. A gain coefficient of 0.2 dB/mW was obtained 

No. 5-281 1 1 2 was 0.25 dB^mW, which was infenor to the gain coefficient of the claimed fluoride fiber. 

,unn'^Atr^*r" "^Tf " ^'r^'^ Comparative Example 3 showed that the use of the claimed fluoride fiber 
suppressed the nonradialive relaxation of Pr^*, increasing the emission efficiency. 

Example 5 

Optical fibers were prepared in the same manner as in Example 2, except that the combination of the core glass 
composition and the cladding glass composition was changed as in Table 9, and that each cote glass was doped with 
he rare earth tons shown in Table 9. The transmission spectra of the resulting optical fibers were measured for opiicai 
loss. The results reveated the increase in transmission loss at the absorption wavelength of the doped rare earth ions 
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Optical ftberswere prepared in the same manner as in Example 2. except that the combination of the core glass 
r^^ T,^ composition was changed as in Tables 10 and 11, and that each core glass was 

doped wim the rare earth ions shown in Tables 1 0 and 1 1 . The transmisson spectra of the resulting optical fibers were 
measured for optH:al loss. The results revealed the increase in transmission loss at the absorption wavelength of the 
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Example 7 

Table 8 shows <x>mbinations of the optimal glass compositions lor the core. ciacJding anci jacketing tubes of the 
claimed single mode optical fiber, the corrt>lnatk>ns provided for the relative refractive index differences of 2.5%. 3.7%. 
6 6% and 8% In Table 8. H should be noted thai the anrwunts of the substituted PbF2 and the substituting NaF were 
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adjusted lo bring the refractive index oi the cladding into agreement with the retractive index of the first iacketlna tube 
for which the composition of the cladding glass was used. jacKeiing luDe 
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2 Meters of the optical fiber No. 3 shown in Tables 10 and 11 . a fiber doped with 1000 ppm of Tm and 4000 Dom 
of Yb as rare earth ions, was used to construct an optical fiber laser Each end of the rare earth longed op^ca^ tZ 
was butted to a dielectric mirror to form a Fabry-Perot laser cavity. A Nd-YAG laser operating atTlTum v^"^^^^ 
a pump sourc^ Light from this pump source was focused by a lens onto the fiber end. The die ectric m.^or ShJ 
transparent o the pump wavelength and highly reflective to the lasing wavelength of 450 to 500 nm ^arus^d tSs 
optical fiber laser with this arrangement gave blue laser oscillations at wavelen^s 455 nm and 480 nm 

Example 9 

2 Meters oJ the optical fiber No. 4 shown in Tables 10 andll . a fiber doped with 1 000 ppm of Tm as rare earth 
wns. was used to construct the same laser cavity as in Example 8. The pump source was a k.vpton ion laser and the 
pump wavelengths were 647 nm and 676 nm. The dielectric mirror with the transparent to the pump wavelengths and 
highly reflective to the lasing wavelength ot 450 to 500 nm was used. The optical fiber laser in this configuration gave 
blue laser oscillations at wavelengths 455 nm and 480 nm similar to Example 8. Furthermore, a high output powerLO 
operating at 1 .48 ^m was added to the pump source of Example 9, so that two wavelength pumping involving 647 nrri 
ana i .« fim was performed to increase a blue laser output power. 

Example 10 

2 Meters of the optical fiber No. 6 shown in Tables 1 0 and 1 1 . a fiber doped with 2000 ppm of Er as rare earth ions 
was used to construct the same laser cavity as in Example 7. The pump source was a laser diode operating at 0 8 un^ 
or 0.98 nm, and the mirror was one highly reflective to the lasing wavelength of 540 to 545 nm. The optical fiber laser 
tn this configuration gave green laser oscillation at wavelength 540 nm. 

Laser oscillations were alsoobsenred at wavelength 412 nm in the fiber (No. 2. 12) doped with Nd as rare earth 
ions, at wavelertgth 492 nm in the fiber (No. 1 . 1 0) doped with Pr. and at wavelength 549 nm in the fiber (No. 5) doped 
wfith Ho. 

Example 11 

10 Meters of the optical fiber No. 11 shown in Tables 10 and 11, a fiber doped with 1000 ppm of Er as rare earth 
ions, was used to construct a 1 .5 jim-band optical amplifier. That is. signal light (wavelength 1 .55 ^m) and pump liqht 
(wavelength 1.48 ^im) from LDs were combined by a WDM fiber coupler, and launched into the fiber end An output 
signal was obtained from the output end via an optica! isolator. A gain of more than 25 dB was obtained throuqhout 
the wavelength band of 1 530 to 1 560 nm with a pump power ot 1 50 mW. 

Example 12 

The optical fiber No. 7 shown in Tables 10 and 11. a fiber doped with 0.5 wl.% Tm and 1 wt % Ho as rare earth 
ions, was used to construct a 1 .4 ^m-band optical amplifier. The pump source was a laser diode operating at 0 8 urn 
A gain of 20 dB was obtained with a pump power of 1 00 mW. 

Example 13 

The optical fiber No. 8 shown in Tables 10 and 11 , a fiber doped with 2000 ppm of Tm and 4O00 ppm of Tb as rare 
earth ions, was used to construct a 1 .65 jim-band optical amplifier. The pump source was a laser diode operating at 
1 .2 Mm. A gam of 20 dB was obtained with a pump power of 100 mW. 

Example 14 

20 meters of optical fiber No. 9 shown in Tables 10 and 11 was used to construct a 1 .3 ^m^^and optical amplifier 
The pump source was a iaserdiode operating at 0.98 ^m. A gain of 20 dB was obtained with a pump power of 200 mW 

The present invention has been described in detail with respect to varbus embodiments, and it will now be apparent 
from the foregoing to those skilled in the art tat changes and modifications may be made without departing from the 
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invention in its broader aspects, and it is our intention, therefore, in the appended claims to cover all such changes 
and modifications as tall within the true spirit ot the invention. 

As is apparent from the foregoing descriptbn. the present invention has succeeded in providing fluoride glass 
having satisfactory infrared transmission. The invention has also permitted the production of an optical fiber tor optical 
amplification with low loss and high efficiency (An). Thus, the invention has made it possible to increase the gain 
coefficient and the effective gain, and to construct an optical amplifier for semiconductor laser pumping essential for 
practical use. Furthermore, the invention provides the advantages of lowering the cost of and raising the perfomiance 
of optical communication systems. 
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Claims 



1 Fluoride glass characterized by comprising 10 to 30 mol% of lnF3. 7 to 30 mol% of GaFa. 1 0 to 1 9 mol% of ZnFg, 
4 to 30 mol% of BaFg, 0 to 24 mol% of SrFg. 0 to 30 mo\% of PbFg, and 1.5 to 1 0 moP/o of ai least one member 

15 selected from the group consisting of l^Fa. YF3. GdFa and LUF3, 1 .5 to 30 mot% of LiR 0 to 30 mol% of NaF. and 

0 to 1 5 moi% of an additive, with the total anrwunt of all components being 100 mol%. 

2 A fluoride optical fiber having a core and a cladding, characterized in that the matrix ot said cladding comprises 
10 to 30 mol% of InFa. 7 to 30 mol% of GaFa. 1 0 to 1 9 mol% ot ZnF^. 4 to 30 mol% of BaFg, 0 to 24 nrK>l7o of SrFg. 

20 0 10 30 mol% of PbFg. and 1 .5 lo 10 mol% of at least one member selected from the group consisting of l-aFa. 

YF3. GdFa and LUF3. 1 .5 to 30 mol% of LiR 0 lo 30 mol% of NaR and 0 to 15 mol% of an additive, with the total 
amount of all components being 100 mol%. 

3. The fluoride optical fiber of claim 2, 
2S characlorizod in that the matrix of said core comprises 5 to 25 nr>ol% of InFa. 1 3 to 40 mol% of GaF^, 4 to 25 mol% 

of ZnFo 30 to 46 mol% of PbFg. 0 to 20 mol% of CdFg. and 1 .5 to 1 2 mol% of at least one member selected from 
the group consisting of LaFg. YF3. GdFa and LUF3. and 0 lo 15 mol% of an additive, with the total amount of all 
components being 100 moI%. 

30 4. The fluoride optical fiber of claim 2. 

characterized in that the matrix of said core comprises 10 to 30 mol% of InPg. 7 to 30 mol% 0I GaFa. 10 to 19 
mol% of ZnFo, 4 lo 30 mol% of BaFa. 0 to 24 mol% of SrFa. 0 lo 30 moi% of PbFa. and 1 .6 to 10 mo1% of at least 
one member selected from the group consisting of LaFa. YF3. GdFa and LUF3. 1 .5 to 30 mol% of LiF. 0 to 30 nrK>l% 
of NaF. and 0 to 1 5 mol% of an additive, with the total amount of all components being 1 00 mol%. 



as 



5. The fluoride optical fiber of claim 2, 

characterized in that transition metal ions or rare earth ions are contained in said core, and the relative refractive 
index difference An between said core and said cladding is not less than 1 .0%. 

wo 6. The fluoride optical fiber of claim 6. ..0^0..^,-'^ 
characterized in that at least one type selected from Ce3-. Pr^-. Nd3*. Pm3- + Sm3-. Eu^*, Tb^^. Dy^-. Ho^. Er^*, 
Tm^ and Yb^^ is contained as said rare earth ions. 

7. A fluonde optical fiber having a core, a first cladding, and a second cladding on the outer periphery ot said first 
4S cladding, characterized in that 

ihe matrix of said first cladding comprises 10 10 30 mol% of InFa. 7 to 30 moi% of GaFg. 10 to 19 mol% ot 
ZnF2 4 to 30 mo!% of BaFg. 0 lo 24 mol% of SrFg. 0 lo 30 mot% ol PbFa, and 1 .5 to 10 mol% ol at leasl one 
member selected from the group consisting of LaFg, YF3. GdF3 and LuFg, 1 .5 to 30 mol% of LiR 0 to 30 mol% 
so of NaF and 0 to 15 mol% of an additive, with the total amount of all components being 100 mol%; and 

the matrix of said second cladding comprises 1 0 to 30 mol% of \nf^. 7 to 30 nfwl% of GaFa. 10 to 1 9 mol% of 
ZnFo 4 to 30 mol% ol BaFg. 0 lo 24 mol% of SrFg. 0 to 30 nr>o1% of PtF^, and 1 .5 to 10 mol% of at least one 
member selected from the group consisting of LaFg. YF3, GdFg and LUF3. 1 .5 to 30 mol% of LiR 0 to 30 mol% 
of NaR and 0 to 15 mol% of an additive, with the total anrK>unt of all components being 100 mol%. 



ss 



The fluoride optical fiber of claim 7. - • ♦ 

characterized in that said matrix of said second cladding comprises fluoride glass charactenzed by compnsmg at 
least one fluoride from ZrF4 and HfF4 and at leasl one member of the group consisting of BaFg. LaFa. GdFg. YF3. 
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LiR NaR PbFg and AlFj. 

9. The fluoride optical fiber of claim 7 or 8. 

5 cJjdSn i^cil?^' I^^Ifl?''**? °' 'efr^'^tive index of said first 

if StL^h? T T '•^^r^'^^f °» «-cond cladding, or the refractive index of said first claddtofg 

IS larger than the refractive index of said second cladding but smaller than the refractive index of said core. 

10. The fluoride optical fiber of claim 9. 

,0 o^fhf DK,!f ^l^* adjustment of the refractive index of said first cladding is performed by substituting part 
'0 of the PbFj in said matrix of said first cladding by NaF. luonypdii 

An optical fibre laser or an optical fibre amplifier incorporating, as optical fibre, an optical fibre as claimed in anv 

07 claims 2 to 1 0. ' 
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